The best developmental stage and the best thawing protocol suitable for cryopreservation of the early embryos are not well documented. The present study aimed at evaluating the effect of the ultra rapid cryopreservation (vitrification) technique, followed by slow or fast thawing protocol, on the fertilized ova, 4-cell embryos and morula. Methods The vitrification method included equilibrating the ova in the vitrification solution (EFS40; consisted of 40% ethylene glycol, 30% Ficoll, 0.5 M sucrose in D-PBS) for 2 minutes before immersion in liquid nitrogen. Slow and fast thawing were done and the cryoprotectants were withdrawn by a hyperosmolar sucrose solution, which was then gradually diluted and replaced by culture medium.
Introduction
n vitro fertilization (IVF) has become an established procedure to treat infertility. However, failure of pregnancy necessitates repeating the whole procedure of IVF. Cryopreservation of the extra oocytes and embryos at -196°C would allow repeating the IVF procedure with the advantage of avoiding the inconvenient induction of ovulation and the invasive procedure of oocyte retrieval. Cryopreservation is a critical process that is affected by many factors; such as the freezing rate and temperature 1, 2 , cryopreservation procedure [3] [4] [5] [6] [7] [8] [9] [10] , type and concentration of the cryoprotectant 2, [11] [12] [13] [14] , and the use of preexposure to ethylene glycol or raffinose solution 15, 16 . However, factors like the thawing temperature and the developmental stage of the cryopreserved embryos did not attract much attention. Further, controversy exists in the few reports detected in the literature dealing with the effect of thawing temperature on the developing embryos 1, 17, 18 . The present study aimed at investigating the effect of the ultra rapid cryopreservation (vitrification) technique on the fertilized ova, 4-cell embryos and morula. It aimed also at comparing the effect of slow and fast thawing on the cryopreserved ova and embryos.
Material and Methods
Forty adult female outbred MF1 mice, (20-40 g) at age 5-6 weeks were used in this research. (-196°C) for storage. The vitrified embryos were thawed by the slow I or fast warming rates. For slow thaw, the straws were kept standing on air at room temperature for 15 sec, and then immersed into a 20°C water bath. For fast thaw, the straws were agitated in a water bath at 37°C. When the sucrose solution began to melt, the straws were removed from the water bath and slowly perfused with 1ml sucrose solution, the embryos recovered and transferred to drops of hyperosmolar sucrose in culture dish. Glucose was then gradually diluted and replaced by culture medium. The embryos were cultured for 1 hour and examined with the inverted phase contrast microscope to assess the survival rate (embryos which appear morphologically intact). The embryos were then cultured for 24 hours more and examined with the inverted phase contrast microscope to assess the in vitro development rate. The significance of difference between the cryopreserved/ thawed and control embryos was evaluated by students' t-test.
Results
The percentage of success of superovulation (% mice which gave ova) was 85%. The number of ova collected/ mice were 33 ± 19 (mean ± SD). The ova collected 24 hours after hCG injection (Day 1), following exposure to hyaluronidase enzyme for few minutes to free them from the cumulus cells, showed signs of fertilization, in the form of extrusion of second polar body or formation of pronuclei (Figure 1) . Most of the vitrified slow thawed fertilized ova appeared morphologically normal with intact zona pellucida (70% survival rate). Some of the ova, however, appeared with ill-defined borders and widened perivitelline space. The ova showed a good capability to recover and cleave in vitro, where 57% ( Table 1) could divide into 2-cell embryos when incubated for 24-hours (Day 2; Figure 2 ). Fast thawed fertilized ova showed results which were approximately similar to those of the slow-thawed ova (80% survival rate). They showed also a good capability to recover and cleave in vitro, where 60% Most of the vitrified slow thawed 4-cell embryos (Day 3) appeared in good condition immediately after thawing with intact zona pellucida and well-defined borders of the blastomeres (86% survival rate). When they were cultured for 1-day (Day 4), 74% of the embryos were found to have recovered and further developed ( Table 2) , whereas some embryos were blocked at the 4-cell stage or showed shrunken blastomeres with ill-defined borders and widened perivitelline space ( Figure 5 ).
Figure 5: Vitrified 4-cell embryos 24 hours after slow-thawing (Day-4). Some embryos appear in good condition and have developed into morula (M). Two embryos appear blocked at the 4-cell stage (4-C) with well-defined borders of the blastomeres, whereas others show shrunken blastomeres (Sh) with ill-defined borders and
widened perivitelline space. Inverted phase contrast microscope x100.
Figure 6: Vitrified 4-cell embryos 24 hours after fast-thawing (Day-4). Most of the embryos have either developed to the stage of 8-cells (8-C) or morula (M). One embryo appears blocked at the 4-cell stage (4-C). Inverted phase contrast microscope x100. J T U Med Sc 2008; 3(2)
Similarly, most of the vitrified 4-cell embryos, immediately after fast thawing, appeared in good condition with welldefined borders of the blastomeres (94% survival rate). When examined 1-day after culture (Day 4), 80% of the embryos were found to have recovered and further developed into 8-cell embryos or morula ( Table 2) , whereas few embryos did not develop (Figure 6) . Most of the embryos at day-4 after incubation (control group) were in the stage of compacted morula which appeared inside the zona pellucida ( Fifty seven percent of the vitrified slowthawed morula appeared morphologically intact with intact zona pellucida and well defined borders of the embryos (Figure 8) . Some embryos appeared with ill-defined borders and disintegrated or shrunken cytoplasm. When the embryos were incubated for 24 hours (Day 5), 50% were capable to survive and further develop in vitro ( Table 3) . Seventy seven percent of the vitrified fast-thawed morula appeared morphologically intact with well defined borders ( Figure 9 ) and 63% were capable to recover and develop in vitro when incubated for 24h in KSOM medium (Day 5; Table 3 ).
Figure 8: Vitrified morula (Day-4) 1-hour after slow-thawing. Most of the embryos appear morphologically intact with intact zona pellucida and well defined borders of the embryos or blastomeres. Some embryos appear with illdefined borders and disintegrated or shrunken cytoplasm (Sh). Inverted phase contrast microscope x100.

Figure 9: Vitrified morula (Day-4) 1-hour after fast-thawing. Most of the embryos appear morphologically intact with well defined borders.
Inverted phase contrast microscope x100. 
Discussion
The present work investigated the effect of vitrification on the fertilized ova, the 4-cell embryos and the morula. The results of the present work could be compared with the results reported in the literature for each corresponding embryonic stage. Regarding vitrification of the fertilized ova, our results showed survival rate of 70% and 80% and in vitro development rate of 57% and 60% following slow and fast thaw, respectively. These results are more or less comparable to the results reported in the literature for the fertilized ova 6, 7, 20, 21 . They reported that vitrification of mouse pronuclear fertilized ova resulted in a rate of survival with normal morphology that ranged from 62% to 91%, depending on the freezing rate, exposure time and type of the cryoprotectant. The average rate of development was reported to range from 33% to 66% 7, 18 18 . Considerable controversy was found in the few reports dealing with the effect of thawing temperature on the developing embryos. Dattena et al 17 found no significant difference in the development at 72 h of culture when vitrified mouse embryos were thawed at 20°C or 37°C for 6 sec or 48°C for 2 sec. At 48 h of culture the embryos thawed at 20°C had a reduced resumption rate (69.5%) while the embryos thawed at 37°C and 48°C for 2 sec had a higher resumption rate (80.0% and 82.5%). Kasai et al 1 found that moderate warming of vitrified mouse blastocysts by holding them in air for 5-30 sec gave better results than rapid warming by plunging them immediately into 25°C water. The same results were obtained even when the straws were recooled and rewarmed up to 10 times, to exaggerate the effect of cooling and warming. The results of the present work showed that better survival rates were obtained following fast thawing (80%, 94%, 77%) than that following slow thawing (70%, 86%, 57%) of the fertilized ova, 4-cell embryos and morula, respectively. Similarly, better in vitro development rates were obtained following fast thawing (60%, 80%, 63%) than that following slow thawing (57%, 74%, 50%) of the fertilized ova, 4-cell embryos and morula, respectively. These results gave a strong proof that fast thawing is preferred to that of slow thawing in nearly all stages of early embryos. It is concluded that the stage of the 4-cell embryos is the most feasible stage for cryopreservation of early mouse embryos using vitrification and fast thawing technique. These results may have an impact on the human IVF protocol and the idea of developing a bank of embryos or embryonic cells, where they could be vitrified for future use.
